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Device for Receiving Optical Signals by means of a Light-Guiding Object 




Description 



Field of the invention 

The invention relates to a device for receiving optical signals, comprising a light- 
guiding object into which the optical signal to be received may be coupled. The 
light-guiding object includes a material having an electron array which may be in- 
verted by energetic excitation and which, under stimulated emission, emits light at 
an emission wavelength which corresponds to the wavelength of the optical sig- 
nals to be received. For the inversion of the electron state an excitation unit is pro- 
vided. Moreover, a detector means is coupled to the light-guiding object for opti- 
cally detecting the light which can be produced by way of the emission processes 
stimulated by the optical signals which are coupled into the light-guiding object. 

Prior art 

Devices for receiving optical signals are known from a great number of engineer- 
ing and scientific applications. All the known optical detector means are based on 
the problem of converting an electromagnetic radiation into an information unit 
which is directly related to the optical output signal and which can be processed in 
engineering terms, i.e. using the means of today's evaluation electronics. An es- 
sential aspect of the implementation of high-quality optical detectors is the conver- 
sion of electromagnetic radiation into electrical signals as direct as possible, which 
signals may then be supplied to a further electronic evaluation system. These re- 
quirements are satisfied by photo-sensitive semiconductor detectors in particular, 
where the photons to be detected release electrical charges directly in the semi- 
conductor element, which charges may then be analysed correspondingly. 
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Even though the known optical detector means, which are designed on the basis 
of semiconductor materials, normally present only very small limited photo-sensi- 
tive detector surfaces it is yet possible to design also large-area detector surfaces 
by a mosaic-type composition of a plurality of individual detectors. It is moreover 
fundamentally possible to assemble any detector surface geometry on the basis of 
optical semiconductor detectors; however, firstly a very great expenditure in terms 
of circuitry is required to interconnect all the individual detectors with an evaluator 
unit, and secondly large-area detector surfaces incur very high expenses; thirdly, 
the response rate decreases as the area is increased. 

When, however, it is intended to detect an electromagnetic radiation over an area 
as large as possible light-absorbing detector surfaces with an appropriately large- 
size configuration are suitable which are made of a predominantly transparent 
material into which fluorescent dye molecules are linked. When light now hits on 
such a detector surface the fluorescent molecules are excited to emit fluorescent 
light within the absorber layer, which then arrives by reflection at the interfaces 
within the material, preferably at the lateral marginal zones of the absorber layer, 
where appropriate optical detectors are provided for conversion into electrical sig- 
nals. 

Optical rotary transmitters in particular benefit from the aforedescribed mecha- 
nism, which serve to transfer optical signals between a rotating element and an 
element remaining stationary in relation to the aforementioned element. An optical 
emitter means, e.g. a LED, which is moved along the path of a fibre optical 
waveguide, moves along the fibre optical waveguide which remains stationary, 
and which is preferably bent to form a closed circle and into which fluorescent 
molecules are embedded. On account of the lateral radiation into the fibre optical 
waveguide fluorescent light is produced within the fibre, which is equally guided 
via internal reflections to the ends of the fibre optical waveguide, where respective 
optical detector means are provided. With that known device it is possible to 
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transfer optical signals between a rotating element and an element remaining sta- 
tionary relative to the first element. 

With the fluorescent light being produced by spontaneous emission, which is in- 
duced in the fibre optical waveguide, the bandwidth of the optical signals to be 
transmitted is limited by the fluorescent life of the dyes in the fibre. If, however, 
there is the intention to receive optical signals at a maximum bandwidth possible 
without any loss of information there are limitations in the form of the known fluo- 
rescent dyes. 

Brief description of the invention 

The invention is based on the problem of improving a device for receiving optical 
signals, which comprises a light-guiding object into which the optical signal to be 
received may be coupled which is converted by means of a detector unit into 
electrical signals suitable for further processing, in a way that firstly the light 
transmission from the optical signals coupled into the light-guiding object to the 
detector means will take place along a path as direct as possible, without occur- 
rence of a noticeable signal attenuation. In particular, it should be possible to 
permit the reception of optical signals within a maximum bandwidth possible, 
largely without loss. The optical signals should be received over the largest area 
possible, with the costs incurred thereby being kept as low as possible. The re- 
ceiver should be suitable in particular for application in optical rotary transmitters. 

The solution to the problem underlying the invention is defined in Claim 1. Fea- 
tures improving the inventive idea in an expedient manner are the subject matters 
of Claims 1 to 5. The Claims 6 et seq. relate to an inventive use of the device for 
the optical signal transmission between two elements mobile relative to each 
other. 

The invention starts out from the idea that the light-guiding object, which is pro- 
vided for the reception of optical signals, is provided with a material having an 
electron array which can be inverted by energetic excitation and which, by way of 
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stimulated emission, emits light at an emission wavelength which corresponds to 
the wavelength of the optical signals to be received. The inversion of the electron 
array is stimulated by an excitation unit, preferably by an optical pumped light 
source. A detector means is optically coupled to the light-guiding object for detec- 
tion of the light which can be produced by the emission processes stimulated by 
the optical signals coupled into the light-guiding object. In accordance with the in- 
vention, the light-guiding object is made of a material, which is preferably synthetic 
and in which in response to light radiation at an angle between 0° and 90° relative 
to the irradiation surface a diffused light is produced within the material by elastic 
dispersion, with the wavelength of the diffused light corresponding to that of the 
irradiated light. What is essential is the aspect that the diffused light presents ra- 
diation components in the direction of a main propagation sense of the light-guid- 
ing object. This is to say that the light incident on the light-guiding object can be 
produced by dispersion processes of a radiation component within the light-guid- 
ing object, which is oriented in the direction in which the detector means is dis- 
posed. It is this radiation component, presenting the same wavelength as the opti- 
cally incident signal, which is amplified by stimulated emission processes by the 
material present in the object and displaying a population inversion. The radiation 
generated during the amplification process presents not only the same wavelength 
as the generating radiation but also the same orientation, the same position in 
phase and the same polarisation. With the light amplification process taking place 
in response to stimulation, rather than spontaneously, and being stimulated di- 
rectly by the light dispersed within the light-guiding object, the bandwidth is higher 
by several orders. It is possible in this manner to transmit the optical signals over 
the receiver means having an inventive configuration in a largely undistorted and 
amplified form to the detector means. 

An essential aspect of the idea supporting the invention is the elastic dispersion of 
the incident light within the light-guiding object, which causes a deviation of dif- 
fused light also in a direction inside the material in which the detector means are 
disposed. In accordance with the invention it has been found that the share of 
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elasticafly diffused light occurs in transparent synthetic materials in a particular 
strong form. 

One specific potential application of the receiver device having the inventive con- 
figuration for the reception of optical signals is the field of optical rotary transmit- 
ters. 

The afore-described light-guiding object designed in accordance with the invention 
is configured as a fibre optical waveguide along which an emitter means is guided. 
The fibre optical waveguide may, for instance, have the shave of a circle along 
which an emitter means id displaced which is arranged on an element rotating 
relative to the fibre optical waveguide. 

The material introduced into the fibre optical waveguide, wherein the electron 
population can be inverted, is optically excited, preferably by means of pumped 
lasers arranged at the ends of the fibres of the fibre optical waveguides, and 
changed over into an inverted population state in this manner. 

The optical signals, which originate from the optical emitter means, are laterally 
radiated into the fibre optical waveguide which is made of synthetic material in 
which the light undergoes an elastic dispersion, with the original wavelength being 
retained. What is essential in this respect is the fact that radiation components are 
dispersed also in the axial direction of the fibre optical waveguide. This elastically 
diffused light is now amplified by induced emission over the entire periphery of the 
circle, so that amplified diffused light is emitted at the ends of the fibre optical 
waveguides, which has the same wavelength as the coupled-in optical signals. As 
the amplification is a process of induced emission there is no longer a limitation of 
the bandwidth, as this would be usual, on account of the restricted fluorescence 
life, in the known case operating on fluorescent dyes, so that the fibre optical 
waveguide ring designed in accordance with the invention presents a velocity 
higher by several orders, which means that optical signals with a high modulation 
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frequency, too, can be received and appropriately evaluated without loss of infor- 
mation. 

For the detection of the signal light applied at the ends of the fibre optical 
waveguides in an amplified form coupler elements are provided which are selec- 
tive by wavelength and which ensure the optical decoupling of the pumped light 
from the joining detector means, which pumped light is required for the stimulation 
process, is produced by the pumped lasers, and has a wavelength different from 
the wavelength of the optical signals to be processed. 

Apart from the specific application of the inventive device for the reception of opti- 
cal signals for the field of optical rotary transmission, however, any number of fur- 
ther applications is conceivable, it is possible, for instance, to use the receiver 
system as position-sensitive and/or orientation-sensitive detector by measuring 
the signal transit times between the light coupling site and the detector units dis- 
posed on both ends of the fibre optical waveguide. The measurement of the signal 
amplitudes of the light waves propagating within the fibre optical waveguide 
serves the aforementioned potential detection applications, too, in addition to the 
measurement of the signal transit times. 
Brief description of an embodiment 

One embodiment of the inventive device, which is particularly well suitable for re- 
ceiving optical signals for the application of optical rotary transmitters, is illustrated 
in the attached figure. 

The fibre optical waveguide, which is schematically indicated by the reference 
numeral 1 in the figure and which is made of a synthetic material, is shaped so as 
to form a ring and corresponds to the receiving means for the light of an optical 
emitter unit moving opposite to the fibre optical waveguide, which emitter unit is 
not illustrated in the figure. It is assumed that the emitter means couples an optical 
light signal into the fibre optical waveguide 1 at the site P, which light is then devi- 
ated by the aforedescribed elastic dispersion in both directions relative to the fibre 
axis. In the illustrated embodiment, the materials contained in the fibre optical 
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waveguide 1 and presenting an inverted population are stimulated by optical ex- 
citation sources, e.g. a pumped laser PL, so that they contribute to the stimulated 
light amplification of the optical output signals which are deviated in the axial di- 
rection. Couplers WDM selective by wavelengths are provided for separating the 
signal light, which emerges at the ends of the fibre optical waveguides, from the 
pumped laser light. 

The optical signals received in this manner may present bandwidths in the GHz 
range. 
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Patent Claims 

1. Device for receiving optical signals, comprising a light-guiding object into 
which the optical signal to be received may be coupled and which contains 
material having an electron array which may be inverted by energetic exci- 
tation and which, in response to stimulated emission, emits light at an 
emission wavelength which corresponds to the wavelength of the optical 
signals to be received, 

and comprising an excitation unit inducing the inversion, as well as a de- 
tector means optically coupled to said light-guiding object for the detection 
of the light which can be produced by emission processes stimulated by the 
optical signals coupled into said light-guiding object, 

characterised in that said light-guiding object consists of a material, pref- 
erably a synthetic material, which, in response to light radiation at an angle 
of 0° < a < 90° relative to the irradiation surface, produces light within the 
material by elastic dispersion - which means that the wavelength of the 
diffused light corresponds to the wavelength of the irradiated light - which 
has a radiation component in the direction of a main propagation sense of 
said light-guiding object. 

2. Device according to Claim 1, 

characterised in that said light-guiding object is a fibre optical waveguide 
in which one share of said elastically diffused light propagates along the fi- 
bre axis. 

3. Device according to Claim 1 or 2, 

characterised in that said excitation unit is an optical pumped light source. 



SR4/96PCT 



9 



PCT/DE 97/01346 



4. Device according to any of the Claims 2 to 3, 

characterised in that an optical pumped light source and/or an element 
selective by wavelength is provided on at least one end of said fibre optical 
waveguide, which element filters the pumped light from the optica! signals. 

5. Application of the device according to the Claims 1 to 4 for optical signal 
transmission between two parts mobile relative to each other such that the 
optical signals emitted by an emitter unit are coupled into said light-guiding 
object. 

6. Application according to Claim 5, 

characterised in that said light-guiding object is disposed on a stationary 
element and said optical emitter means, which emits said optical signals, is 
arranged on a rotating element such that during one full turn of said rotating 
element the emitted optical signals may permanently be coupled into said 
light-guiding object. 

7. Application of the device according to the Claims 1 to 4 as position-sensi- 
tive detector for light radiation by evaluation of signal transit times and/or 
signal amplitudes. 

8. Application of the device according to the Claims 1 to 4 as orientation-sen- 
sitive detector for light radiation by evaluation of signal transit times and/or 
signal amplitudes. 
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Abstract of the Disclosure 

What is described here is a device for receiving optical signals, comprising a light- 
guiding object into which the optical signal to be received may be coupled. The 
light-guiding object contains a material having an electron array adapted to be in- 
verted by energetic excitation, which, in response to stimulated emission, emits 
light at an emission wavelength which corresponds to the wavelength of the opti- 
cal signals to be received. An excitation unit is provided for inversion of the mate- 
rial. Moreover, a detector means is optically coupled to the light-guiding object for 
detecting the light which can be produced by the emission processes stimulated 
by the optical signals coupled into the light-guiding object. 

The invention is characterised by the aspect that the light-guiding object consists 
of a material, preferably a synthetic material, which, in response to light radiation 
at an angle of 0° < a < 90° relative to the irradiation surface within the material, 
produces light by elastic dispersion - which means that the wavelength of the dif- 
fused light corresponds to the wavelength of the irradiated light - which has a ra- 
diation component in the direction of a main propagation sense of the light-guiding 
object. 
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